Abstract. The prevalence of anemia among children in Myanmar has been reported to be among the highest in the world. This study was conducted to determine 1) the prevalence of anemia in preschool children and 2) risk factors associated with anemia. A total of 138 children aged from 6 to 72 months were recruited through cluster sampling from six villages in Kokang. Hemoglobin (Hb) concentration, blood trace elements, and anthropometric indicators were measured. Feces samples were collected to examine for the presence of ascarid eggs. The overall prevalence of anemia in children was 61.6%, including 10.9% with severe anemia. Meanwhile, high prevalence of stunting (40.0%), underweight (22.4%), wasting (6.3%), and small head circumference (6.7%) was found. Children with anemia were more prone to stunting. Children with severe anemia and moderate anemia had significantly lower blood iron and zinc levels than children without anemia (P < 0.001 and P = 0.007). The prevalence of ascarid infection was 64.9%; however, it was not associated with anemia. Drinking spring water was positively associated with anemia (odds ratio [OR] = 6.368). This study demonstrated that anemia is an important public health problem among children from the Kokang area. Iron deficiency and drinking spring water may be the important causes of anemia among children.
INTRODUCTION
More than 1.6 billion people worldwide are anemic and the prevalence is highest in southeast Asia. 1, 2 In 2010, south Asia accounted for 37.5% of the entire global anemia years of life lived with disability. 3 The preschool children in this region were the most vulnerable group. 4 Myanmar is the largest country in southeast Asia geographically, with over 70% of its population residing in rural areas and over 60% of the population being mothers and children. 5 The prevalence of anemia in some regions of Myanmar is reported to be unacceptably high, at around 70% in children. 6, 7 Previous studies reported that anemia in children may lead to many adverse consequences, especially, potentially irreversible cognitive deficits associated with impairment to central nervous system structure, metabolic development, and increased mortality and morbidity. 8, 9 In this study, children from six villages in the Kokang area in Shan State of Myanmar were investigated. The prevalence of anemia in this region is still unknown. According to the report from the Myanmar government in 2012, the poverty incidence and underweight rate in the Shan region were the highest among the country, 10 while the postnatal care coverage rate (60-70%) was the lowest. 10 Although humanitarian assistance for children's immunization and malaria control has greatly improved the health of local children, children in these areas are still facing the problems of food shortages and poor living conditions. 6, 11 Because of the reported association between anemia and dietary intake and nutritional status, the prevalence of anemia in this region is expected to be high.
Humanitarian organizations are considering a nutritional supplement intervention program to improve the children's health in this area. According to our study, in 2011, in addition to nutrition, multiple factors were associated with child anemia in Myanmar, such as low family income, infectious diseases, and drinking unboiled spring water. 6 This study intends to further investigate the causes of anemia in this region by measuring hemoglobin (Hb) and blood trace elements. In addition, we also assess helminth infection in children. Evaluation before implementation is necessary for humanitarian relief planners to select appropriate interventions and to budget wisely for an overall relief effort. 12 
METHODS
Study participants. The study participants were enrolled in the Kokang area of Shan State in Myanmar from July to August 2014. A total of six villages were selected by convenient sampling. Cluster sampling was used for screening all the children who were aged between 6 and 72 months in each village. Disabled children and children who lived in the local area for less than 8 months per year were excluded from this study. A total of 141 children were recruited and 138 children qualified and volunteered to participate in this survey (including 17 pairs of siblings). Blood samples (40 μL for each child) were collected from 94 children to analyze the blood trace elements. The other 44 children failed to provide blood samples mainly because of prolonged crying. Feces samples were also collected from 41 children who defecated on the day of investigation and these were used to test for parasitic infection.
Data collection and measurement. The fieldwork was carried out by local health professionals and staff from Health Poverty Action (HPA, a British nongovernmental organization founded in 1984 that works to strengthen poor and marginalized people in their struggle for health) with the support of local health officers. A validated interviewer-administered questionnaire was used to collect data on sociodemographic characteristics and self-reported children's health-related status for information on diseases and symptoms that had occurred *Address correspondence to Yumei Zhang, Department of Nutrition and Food Hygiene, School of Public Health, Peking University Health Science Center, Beijing, People's Republic of China. E-mail: zhangyumei111@gmail.com in the past 3 months. The children's primary caregivers (typically mothers) were interviewed. The food intake frequencies were also investigated for three food categories including meat, egg, and dairy products, which are considered to be the dietary source of iron or protein. The frequencies were described as 1) never or less than once a week, 2) 1-6 times/week, and 3) daily. The preliminary questionnaire testing was completed in Kachin State in Myanmar in 2011. 6 Training of examiners and interviewers and a pilot study were performed before data collection.
An Electronic Infant/Child Shorrboard (Infant/Child Shorrboard RSP-2060B; Huachao Medical Instruments Co. Ltd., Zhejiang, China) was used to measure both infant/child weight with infants' clothing, shoes, and diapers removed and recumbent infant/child length (if the child was younger than 24 months old). The weight and height of children who were older than 24 months were measured using a portable scale (Portable scale RGZ-50; Suhong Medical Instruments Co. Ltd., Jiangsu, China). Head circumference (HC) was measured with a tape. Mid-upper arm circumference (MUAC) was measured around the left arm using single-slotted insertion tapes. The weight-for-age ratio z-score (WAZ), heightfor-age ratio z score (HAZ), weight-for-height ratio z score (WHZ), and HC z score of children who were aged < 60 months and ≥ 60 months were calculated using the World Health Organization (WHO) Anthro software and WHO AnthroPlus software, respectively (Department of Nutrition, World Health Organization, Geneva, Switzerland). According to the WHO's Child Growth Standards 2006, 13 WAZ < −2, HAZ < −2, and WHZ < −2 are defined as underweight, stunting, and wasting, respectively. An HC z score < −2 is defined as small HC. An MUAC z score (MUAC Z) < −2 is considered as wasting. Children who had edema (N = 2) and unknown cause of an obvious big belly (N = 3) were recorded and their data were not used to calculate the WAZ and WHZ.
Blood samples were obtained from finger pricks from children. Hb levels were measured during the fieldwork using HemoCue (HemoCue Hb 201 + analyzer; HemoCue AB, Angelholm, Sweden). The presence and severity of anemia were diagnosed using age-based Hb criteria designated by the WHO, which defines moderate anemia as Hb < 110 g/L for children aged 6-59.9 months, Hb < 115 g/L for children aged 60-71.9 months, and severe anemia as Hb < 80 g/L for children between 6 and 72 months.
14 A total of 40 μL of whole blood was collected to test trace elements (iron, zinc, magnesium, copper, and calcium) using the atomic absorption method. Atomic absorption analysis kits (Bohui Innovation Photoelectric Technology Co. Ltd., Beijing, China) and a V5 5100s atomic absorption spectrometer (Bohui Innovation Photoelectric Technology Co. Ltd.) were used for analysis.
Feces were collected and examined during the fieldwork by physiological saline direct smear method for the presence of eggs of Ascaris lumbricoides.
Ethics. The study was conducted in compliance with the Declaration of Helsinki and approved by the Kokang government. Written consent was obtained from the primary caregivers of all participants by interviewers before data collection.
Statistical analyses. Service Solutions version 20.0 (SPSS Inc., Chicago, IL) was used to carry out the analysis. Descriptive statistics were completed for all the variables and presented as mean ± standard deviation (SD), median (25th, 75th), or frequencies. Differences in proportions were tested with the χ 2 test. Analysis of variance and nonparametric test were used to analyze the differences in character among children who had anemia and those who did not. Logistic regression (with the backward Wald method) was used to obtain ORs and 95% confidence intervals (95% CI) to estimate the associations between anemia and the predictors. In the multivariate analysis, only demographic factors and environmental factors that were found to be associated with anemia in single analysis were entered into the regression model. Nonsignificant variables were removed from the final model. A P value < 0.05 was considered statistically significantly different.
RESULTS
Demographic characteristics of participants. A total of 138 children qualified and participated in this study; 55.1% were male and 44.9% were female. The main ethnic group was Kokang (89.4%), followed by De'ang (10.6%). The mean age of the children was 31.8 ± 19.0 months, with 46.4% children aged from 6 to 24 months, 34.4% aged from 24.1 to 48 months, and 19.6% aged from 48.1 to 72 months.
Prevalence of anemia. The overall anemia prevalence was 61.6%, with 10.9% reported as being severely anemic. The anemia prevalence in the 6-24, 24.1-48, and 48.1-72 month age groups was 77.0%, 49.1%, and 50.0%, respectively. Children younger than 24 months were more susceptible to anemia than older children (χ 2 = 11.045, P = 0.004). By gender, the anemia prevalence was 63.2% for boys and 59.7% for girls. There was no gender difference for anemia (χ 2 = 0.175, P = 0.676). Children of De'ang nationality were more susceptible to anemia (86.7%) than those of Kokang nationality (58.5%) (χ 2 = 4.472, P = 0.034). Growth and development indicators of participants. In this survey, 40.0% children were reported as stunting (HAZ < −2), 22.4% were underweight (WAZ < −2), and 6.3% were wasting (WHZ < −2). A proportion of 6.7% of children had a small HC (< −2). The results of the MUAC measurement showed that 5.2% children had an MUAC Z below −2. In the fieldwork, two children were found to have edema, while three children were found to have an obvious big belly. Compared with nonanemic children, children with moderate anemia and severe anemia had a significantly lower HAZ score (see Table 1 ).
Blood trace elements of children with or without anemia. Blood trace elements were tested in 94 children. Children with moderate anemia and severe anemia had significantly lower zinc and iron levels in their blood than children without anemia (see Table 2 ).
Health and health-related status of children with or without anemia. On the basis of the medical records and self-report, four children had had measles in the last 3 months and no children had reported malaria or acquired immunodeficiency syndrome recently. Caregivers reported that 49 (34.7%) and 58 (41.1%) children had experienced diarrhea and fever for unknown reasons in the last 3 months, respectively. Selfreported incidence of diarrhea and fever was not associated with anemia in this study (χ 2 = 0.801, P = 0.371, and χ 2 = 0.010, P = 0.922, respectively).
In this survey, the overall Ascaris infection rate was 64.9%. The Ascaris infection rate in children with anemia was 62.5%, whereas it was 65.0% in children without anemia (χ 2 = 0.024, P = 0.877).
Sociodemographic characteristics of children with or without anemia. In the investigated region, 52.0% of children's families had an annual per capita income lower than US$160. Only 38.8% of children's families had a self-built toilet. Low education levels were found among parents, with 74.4% mothers and 66.1% fathers being illiterate. Well water was the main source of water (42.5%), followed by pool water (34.3%) and spring water (23.2%). Children who drank spring water had a significantly higher prevalence of anemia than children who drank well and pool water. Other factors were not associated with anemia in children (see Table 3 ).
Food intake of children with or without anemia. According to HPA records, 51 children (38.3%) had accepted nutrition packages (most children aged 6-36 months; the nutrition package contains macronutrients and micronutrients) and six children (4.8%) had accepted relief food (rice) in the last 6 months. In the 6-24 month group, 40.7%, 61.0%, and 40.7% children reported intake of meat, eggs, and dairy products less than once a week, respectively. In the 24.1-72 month group, 11.4%, 47.1%, and 54.3% children had meat, eggs, and dairy products less than once a week, respectively. Food intake frequencies were not associated with anemia (P all > 0.05).
Logistic regression analysis. According to the single-factor analysis, ethnicity, age, and source of water were entered into the logistic regression model. Finally, drinking spring water was found to be associated with anemia (b = 1.851, Wald = 10.516, OR = 6.368, 95% CI = 2.080, 19.495, P = 0.001). Children younger than 24 months were more likely to drink spring water (χ 2 = 54.201, P < 0.001).
DISCUSSION
Prevalence of anemia. Myanmar is one of the least developed countries in the world. It has a long history of conflicts since the Second World War. The regional conflict in Kokang lasted until 2010 and broke out again in 2015. The political instability was a threat to the health status of children. Anemia is still widespread in Myanmar, along with a high risk of child mortality. 14 In this survey, the overall anemia prevalence was 61.6%, with 10.9% being severely anemic, which is lower than the reported prevalence of anemia among children (72.6%) in Karchin and Shan (east) states in 2011. 6 However, this number is higher than the mean prevalence in children from southeast Asia (49%) 15 and much higher than the mean prevalence (13.6%) in children from Yunnan province, China (Yunnan geographically borders Kokang) 16 and other developing countries, such as Nepal (37.9%) 17 and Kenya (28.8%).
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Although age was finally excluded from the regression model because it was highly correlated with source of water, children aged 6-24 months seemed to be the group most vulnerable to anemia according to previous studies. 6, 19 The proportion of children with severe anemia was 10.9%, as high as that reported in a study of refugee children on the Thai-Myanmar border (10.4%). 7 Growth and development of children. According to our results, 40.4%, 22.4%, and 6.3% children were stunting, underweight, and wasting, respectively. These data were similar to those in the WHO report on the health status of Myanmar children. 20 It is also worth noting that we found two children with edema. This indicated that kwashiorkor might exist in this region. Also, a high prevalence of small HC was found in this survey, which implied delayed brain development. Previous studies demonstrated that anemia could lead to cognitive impairment, lack of physical capacity, and even life-threatening consequences. 9 In this study, we found that stunting was shown to be associated with anemia, which was consistent with our previous study. 6 However, the causality between malnutrition and anemia could not be seen in this study.
Risk factors associated with anemia. In developing countries, most cases of anemia are partly or exclusively caused HAZ = height-for-age z score; HC z = head circumference z score; MUAC Z = mid-upper arm circumference z score; WAZ = weight-for-age z score; WHZ = weight-for-height z score. *The Fisher's Least Significant Difference (LSD) test post hoc test was used for multiple comparison; children with moderate anemia and severe anemia had a significantly lower HAZ than children without anemia (P = 0.006 and P = 0.024, respectively).
†Kolmogorov-Smirnov test was used to test for normality before analysis; WAZ was described as median (25th, 75th) and analyzed with nonparametric test. ‡Children who had edema (N = 2) and unknown cause of an obvious big belly (N = 3) were not used to calculate the WAZ and WHZ. by micronutrient deficiency along with other risk factors. 21, 22 Our previous study in 2011 reported an extremely low intake of iron-rich food by children aged 6-36 months. 6 Meanwhile, a high prevalence of thalassemia was also reported in Myanmar. 22 These results led to a research question on whether the high prevalence of anemia in Myanmar was caused by micronutrient deficiencies or not. In this survey, a large proportion of children did not consume eggs or meat on a daily basis, which might result in an insufficient intake of dietary iron. 22 In addition, the children who had moderate anemia and severe anemia had significantly lower iron and zinc levels in their blood samples than those without anemia. This finding first confirmed that micronutrient deficiency was an important cause of anemia in children from Myanmar. In addition, deficiencies of zinc and iron might also impair children's cognitive development, resulting in stunting and even a threat to life. 22, 23 Both this survey and our study performed in 2011 found that drinking unboiled spring water was associated with anemia, 6 which might be related to parasitic infection. 24 However, due to the limited sample size, the Ascaris infection was not associated with anemia. This survey also reflected an alarming rate of Ascaris infection among children from Kokang. Parasitic infection could be the cause of intestinal bleeding-induced anemia, especially when it is known that the main water source was spring or river water. 25 A study in South Africa even reported that infectious diseases, including parasitic infection and iron deficiency, were the major cause of anemia. 26 It is also worth noting that most of the investigated children were living in poor environments (low family income, low level of education of both mothers and fathers, and no hygienic toilet), which might give rise to malnutrition and anemia and threaten the health of children.
Limitations. Because of the cross-sectional design, the causality between exposure factors and anemia was not observed. In addition, there may have been recall bias on the part of the caregivers during the interviews, which may have affected the reliability of their reports. The sampling approach used in this study is an inevitable compromise bearing in mind the several constraints due to the local social environment. The first limitation of our study comes from the fact that stratified random sampling cannot be applied since some villages were not accessible. We estimated that the prevalence of anemia among children in those villages might be higher. Another limitation lies in the samples, in that 17 pairs of children were from one family and shared the same socioeconomic environment; therefore, the association between anemia and some risk factors may have been overestimated. However, the same results were found when we removed the siblings (results not shown in this study). The results still reflect the general level of anemia in this region and the poor nutritional status of the children.
Unfortunately, in this survey we did not measure indicators such as serum ferritin, transferrin saturation, and erythrocyte protoporphyrin due to the restricted working conditions. The results of this study showed that children of De'ang nationality were more susceptible to anemia than children of Kokang nationality in single-factor analysis. The possibility of a genetic cause of anemia still cannot be excluded. However, this study focused on exploring the controllable factors associated with anemia and found that micronutrient deficiency was one of the most important causes of anemia in the Kokang area.
CONCLUSION
Anemia can usually be prevented at a low cost, and the benefit/cost ratio of implementing preventive programs is recognized as one of the highest in the field of public health. 9 This study pointed out that children in rural areas of Kokang had a high prevalence of anemia and poor nutritional status. Micronutrient deficiency might be one of the most important causes of anemia among multiple contributing factors. A combination of interventions, including nutrition promotion, infectious disease control, and improving living conditions, may be the ideal way to achieve a reduced level of anemia among children. coordination of the study, and pays the highest tribute to his bravery and devotion to the health care of people in Kokang.
